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Visual masking functions were measured for the four kinds of supra-threshold 
flickering stimuli which had moduration ratio of .286 and average retinal illuminance 
of 31.4 trolands. The four flickers differed in wave form: rectangular, sinusoidal, 
positive ramp (off-ramp) saw-tooth, and negative ramp (on-ramp) saw-tooth waves. 
These waves were flickered at 2Hz and 10Hz. The flicker field surrounded by dark 
was a small white spot subtending visual angle of 1.72°. On the center of this field was 
superimposed a test flash having a duration of Imsec repeatedly at Isec interval. This 
flash had a visual angle of .86°. Increment thresholds of the test flash were obtained 
over the whole period of a flick which had a given temporal wave form using the method 
similar to the one used by Boynton et al. (1961). The observation was made through 
the Maxwellian view. 
The data obtained with four Ss are summarized as follows. With 2Hz flicker, 
wavy alternations of the peaks due to the on-effect and the peaks due to the off-effect 
were obtained as masking functions. The on-effect appeared to be larger in amplitude 
than the off-effect except for the off-ramp wave. Sharp on- or off-transients of the stimuli 
produced peaky and large oscillations, while blunt ones produced rounded ones. The 
likelihood was so high that these fluctuations of the curves corresponded temporally 
to the flickering stimuli. Mirror image property in the two ramps was not reflected on 
the masking functions for these ramps. Rather on-ramp had a peaky and large 
on-effect which subdued gradually and was followed by a small hump due to an off-
effect with about 150msec delay. On the other hand, off-ramp showed alternations of 
sharp peaks which appeared at the flick-offsets and large humps about 300msec after 
the flick-onsets. Smaller oscillations were observed with 10Hz flickering stimuli 
than with 2Hz ones, but two humps corresponding to the on- and off-transients of the 
flick were still discernible. In this case, also, the on-effect was larger than the off-effect 
with the exception of the off-ramp with which both peaks were identical in amplitude. 
However, there was little difference in the masking functions among the remaining 
three wave forms. 
These results were considered in connection with the data reported by Maruyama 
(1976b), in which different flicker wave forms were found to differ in their amplitude 
sensitivity at 2Hz. In the present experiment no corresponding differences in masking 
function were found at that flicker frequency, therefore, it was concluded that masking 
functions for the supra-threshold flicker stimuli as were used here do not reveal the 
mechanisms underlying the near-threshold responses of the visual system to the 
flickering light. 
PROBLEM 
In the previous study, Maruyama (1976b) measured modulation sensitivity for 
flickering stimuli which had five different temporal wave forms: rectangular, sinusoidal, 
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triangle, and both positive and negative ramp saw-tooth. At low frequency range, 
flickering stimuli of different wave forms were reported to give different modulation 
sensitivity curves, while this was not true of high-frequency flicker. Particularly, 
positive ramp (off-ramp) wave, though lowest in sensitivity of all the wave forms 
used at high frequency range, increased its modulation sensitivity at low frequency region 
to be almost comparable to the square wave which was the most effective stimulus over 
all the flicker frequency range used. Based on these results, he attempted to draw 
inferences about the characteristics of the visual system's on- and off- responses. 
In this connection, Boynton (1961) has assumed that masking function (i.e., 
increment threshold curve) obtained with his increment threshold technique is "an 
indirect picture of the visual response to a flickering light." If this assumption is 
Preset 
Counter 
O.lms 
111111. """I 
Pulse 
Generator 
Delayed 
Pulse 
Generator 
~ 
I I 
5OO-900Hz 
VCF 
Ims 
700Hz 
Carrier 
Generator 
Fig. 1. Optical layout and electrical block diagram of the apparatus. 
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Fig. 2. Spatial- and phase-relation between the flickering field and the test flash, which were 
superimposed on the former once per second. 
tenable, it follows that the masking function to the flickering stimuli having different 
wave forms should reflect the difference in amplitude sensitivity obtained with them 
at low frequency region. 
A series of experiments were planned in an attempt to ascertain possible correspond-
ence between the amplitude sensitivity and the masking function with special emphasis 
on the differences deriving from the difference in wave forms. The present report 
stemmed from the earliest part of this series and aimed at clarifying the following two 
points: (1) What are the masking functions for supra-threshold flickering light of low 
frequency having different wave forms 1 (2) Is there any corresponding difference in 
the masking functions to the finding that different wave forms had different amplitude 
sensitivities at low frequency region 1 
METHOD 
The flickering stimuli used for obtaining masking functions had the wave forms of 
rectangle, sinusoidal, and both negative and positive ramp saw-tooth. The frequency 
with which these various waves flickered were fixed at 2 and 10Hz. 
The method of "frequency modulation of glow train" (Maruyama, 1976a) was used 
to produce these wave forms of flickering stimuli. Train of light pulses (duration, 0.1 
msec) which were emitted by a glow modulator tube (R1l3IC) were modulated in 
frequency in accordance with the voltage wave form fed into a VCF. According to 
the Talbot-Plateau's law the modulated pulse train will affect the visual system as if it 
were a continuous luminance change of a given wave form. Modulation range of the 
pulse train was 500Hz to 900Hz, and thus the amplitude modulation ratio (m) of any 
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flickering stimulus was kept constant at .286. 
Maxwellian view arranged on the optical bench system (Sanso Seisakusho 
Company) was used for stimulus presentation. Actual construction of the apparatus 
including wave form generation system and optical system is shown schematically in 
Fig. 1, and stimulus arrangement in increment threshold technique is in Fig. 2. The 
flickering field which subtended a visual angle of 1.72° was presented at the foveal 
portion of S's eye, and surrounded by dark field. The stimulus field was seen as white 
spot with the mean retinal illuminance of 31.4 trolands. On the center of this field 
were concentrically superimposed white test flashes (Fig. 2) which were emitted by 
another modulator tube and had the duration of 1msec. It was repeatedly presented 
once per second with pre-determined phase relationship to the flickering light. Thus, 
2Hz flicker received one test flash per every two flicks while lOHz flicker received one 
flash per every lO flicks (Fig. 2). Ss observed these flashes with their left eye through 
an artificial pupil having a diameter of 2mm and turned an optical wedge for each 
presentation of the test flash, so as to reduce their intensity until they could no 
more detect them. Each determination obtained in this way constituted a raw value 
for increment threshold. Basically, this method follows that used by Boynton, Sturr, 
and Ikeda (1961) who called this "increment threshold technique." By repeating this 
procedure, at least four threshold values were obtained in a block at each temporal 
point of a given background flicker wave. A complete session was run when all the 
pre-determined temporal points were measured. A temporal point was randomly 
sampled and threshold values were obtained for each wave form condition to counter-
balance the order effect in a session. During a session, thresholds for an arbitrarily 
determined temporal point were checked several times to make sure that they had not 
drifted away from those obtained in early stage of a session. If a large drift of these 
thresholds was found, then the increment thresholds obtained up to that point were 
discarded and renewed measurements were taken. A session required about 90 minutes 
including 10 minutes dark adaptation. 
Of the four subjects participated in the experiment, KM and MT, i.e., both of the 
authors, were trained observers, while MH and TM were naive as to the present experi-
ment and were male undergraduates of psychology major. 
RESULTS AND DISCUSSION 
At each temporal point four or more than four increment thresholds were 
transformed into absolute unit of retinal illuminance (log trolands) and then averaged. 
Masking functions (increment threshold curves) for each wave form condition were 
drawn by connecting these mean values as a function of temporal relationship to a flick-
ering stimulus. These results are shown in Figs. 3 to 10, in which the actually 
obtained data are given in open circle with typical SDs added. 
Figs. 3, 4, 5, and 6 show the masking functions for 2Hz flickering stimuli. First, 
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Fig. 3. Masking functions (increment threshold curves) for the rectangular flickering stimulus 
at 2Hz obtained with MT and KM. Log relative test flash thresholds were plotted as a 
function of time course in the flickering stimulus. Ordinate is arbitorarily scaled. Open 
circles represent the actually obtained data with typical SDs added. 
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Fig. 4. Masking functions for the sinusoidal flickering stimuli at 2Hz obtained with MT and 
KM. 
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Fig. 5. Masking functions for the flickering stimuli of negative ramp (on-ramp) saw-tooth at 
2Hz obtained with MT, KM, MH, and TM. 
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Fig. 6. Masking functions for the positive ramp (off-ramp) saw-tooth flickering stimuli at 2Hz 
obtained with MT, KM, MH, and TM. 
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Fig. 3 shows that rectangular masking functions contain two peaks, each of which 
is, according to the results reported by Boynton, Sturr, and Ikeda (1961), and Takahashi 
and Maruyama (1977), attributable to the stimulus rise and fall respectively. The on-
effect as reflected in the masking functions' peaks around the flicker rise is larger and 
more peaky than the off-effect which appears around the flicker fall. This is in line 
with the data obtained by Crawford (1947) who used a single flash. With repetitive 
presentations of flashes as in the present study, however, peak points lagged about 25 
msec behind the actual rise and fall of the flicker stimulus. 
Similarly, the cyclically repeating pairs of crests discernible, though to the 
attenuated degree, in Fig. 4, which shows the data for the sinusoidal flicker may be 
attributable to the on- and off-effects. The over-all shape and phase-relationship of 
the masking functions are comparable to the data shown by Shickman (1970). Notice-
able difference from the rectangular wave data is the rounded on-effect for the 
sinusoidal condition. Although triangle wave was not used in the present study, it is 
very probable that the masking function would be similar in shape to that of sinusoidal. 
Naive Ss' (MH and TM) data depicted in Figs. 5 and 6, in which results of two 
saw-tooth waves are represented, did not markedly differ from the authors'. With on-
ramp wave a sharp on-effect appeared around the rising point of the flickering stimuli. 
With MT this on-peak appeared about 25msec behind the rise end of the flickering 
stimuli, whereas with KM it lagged behind less than 25msec. In contrast, it was seen 
at the falling edge with the two naive Ss. Infering from the masking function of 
sinusoidal wave, a small hump discernible 150msec behind the flick onset in MT's data 
seemed to be due to the off-effect. This may be why it is hard to read it from KM's 
data. The off-effect can be inferred to be present in MH and RM's data by interpolating 
the adjacent points, though no measurements were actually taken just around 150 
msec. 
Fig. 6 shows the masking functions for the positive ramp (which is called off-ramp) 
wave, in which are clearly discernible two crests, i.e., sharp and blunt ones. The sharp 
crests were formed 25msec behind the apex of the off-ramp wave for KM and MT, and 
just at the apex for the remaining two Ss. These were attributable to the off-effect from 
the evidence adduced by Takahashi and Maruyama (1977), in which the blank-flick 
technique was used. On the other hand, blunt rounded crests were interpretable as 
the on-effect according to the same evidence. The findings obtained with the sinusoidal 
wave give rise to an expectation that there will be a large rounded crest at a 
gradually rising end of a flick. The same can be expected with the positive ramp wave 
which had steady but gradual rising transients. This on-crest appeared about 350msec 
after the actual flicker onset. 
By comparing Figs. 5 and 6 with each other, it can be seen that the two mirror 
image ramps did not produce masking functions each of which is the mirror image to 
the other. This is apparently due to the different characteristics of the on- and off-
effects. Comparison of oscillation amplitudes of these masking functions suggests that 
Wave from of Flickering Stimulus and Visual Masking Function 129 
2 Hz 
3.4 
3.2 
3.0 
3.4 
:s 3.2 
"0 
"0 
-I.ii 
Q) 
1-0 
..c: 
f-< 
b/) 3.2 0 
....l 
3.0 
3.2 
3.0 
o 100 200 300 400 
Fig. 7. Typical masking functions for the four wave form flickering stimuli at 2Hz. These 
were replotted from the data of MT in Figs. 3, 4, 5, and 6. Absolute values of thresholds 
were plotted on the ordinate in log trolands. 
the on-effect is larger than the off-effect. However, no meaningful comparison may be 
possible here because the trough levels do not tell the absolute levels of the masking 
curves. 
As a summarized form of presentation, Fig. 7 shows typical data obtained for MT, 
in which the ordinate is plotted in absolute unit (log trolands). Idealized masking 
functions for the four wave forms are drawn in Fig. 8. 
The results of the 10Hz condition are presented in Fig.9 separately for each 
of the four Ss. As can be seen from this Fig. 9, all the wave forms used show successive 
alternations of the on- and off-effects. The separation of the on- from off-effects is not 
discordant with the results reported by Boynton et al. (1961) who used 15Hz chopper 
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Fig. 8. Idealized masking functions for the four wave from flickering stimuli at 2Hz, which 
were based on the Figs. 3, 4, 5, and 6. 
stimulus. The smaller peak amplitudes attributable to the on-effect in the present 
data than in their results may be an artifact of the adaptation level necessarily 
accompanying our stimulus presentation technique, which is not the case for the chopper 
stimuli used by them. Oscillation amplitudes of the masking functions are much 
smaller for the 10Hz flicker than for 2Hz flicker, although both flickers had the same 
amplitude modulation ratio. In addition, both the on- and off-peaks of 10Hz sine and 
two ramps approached to those of the square flicker. Perhaps this is because as the 
stimulus on- and off-gradients for these flickers became steeper at 10Hz than at 2Hz, 
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Fig. 9. Masking functions for the four wave form flickering stimuli at 10Hz obtained with 
MT, KM, MH, and TM. 
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Fig. 10. Typical masking functions for the 
four wave form flickering stimuli at 10Hz 
replotted from the data with MT in Fig. 9. 
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Fig. 11. Idealized masking functions for the 
four wave form flickering stimuli at 10Hz, 
which were based on the data shown in 
Fig. 9. 
the difference in the on- and off-effects among the four wave forms became less distinct. 
The two naive Ss' results of the two ramp waves showed unstable oscillations, 
which, however, tend to be similar to the data of the trained S, MT. The latter S's 
typical data are plotted in Fig. 10 in absolute unit. Based on this figure, schematic 
masking functions are drawn in Fig. 11. The apparent digression from sinusoidal wave 
form shown by the 10Hz masking functions as well as by the 2Hz ones suggests 
indirectly the non-linearity of the visual system's responses to the supra-threshold 
flickering stimuli. 
It must be pointed out that these results were obtained with the supra-threshold 
flickering light in an attempt to find some clues as to the actual responses of the visual 
system to a flickering light which would explain the difference of five wave forms in 
amplitude sensitivity of the eye to successive contrast (Maruyama, 1976b). Unfor-
tunately, in this respect the present study failed to provide very informative data. 
Maruyama (1976b) showed in the previous study that the threshold modulation 
amplitude (m) of the off-ramp approached that of the square and surpassed that of the 
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on-ramp. Corresponding pattern of results were not found in the masking functions 
reported in this study. Even an unexpected tendency can be seen - namely, the on-
ramp wave tends to show greater oscillation than the off-ramp wave. As pointed out, 
we obtained masking functions for supra-threshold flickering stimuli at one level of 
flickering amplitude. Therefore, there is no guarantee that the masking functions for 
the flickering light which is near to the discrimination threshold is similar in shape to 
those shown here. Consequently, an important problem to pursue in the future 
research is to investigate how masking functions change their pattern as flickering 
stimuli are reduced in modulation amplitude to the threshold level. The present study 
has clearly shown that the above mentioned approach should be taken in order to find 
the correlates of masking function to the difference in flicker sensitivity to various wave 
forms at low frequency region. This point will be specifically investigated in a future 
study. 
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